Opto-electrical characterisation of In-doped SnS thin films for photovoltaic applications by Urbaniak, A. et al.
 
Document downloaded from: 
 









































Spray	 pyrolised	 SnS	 thin	 films	 doped	 with	 indium	were	 studied	 using	 various	 optical	 and	




with	 increased	 indium	 supply.	 Apart	 from	 direct	 transition,	 an	 indirect	 one,	 of	 energy	 of	
around	1.05	eV,	independent	on	indium	doping	was	identified.	The	photoluminescence	study	
revealed	 two	 donors	 to	 acceptor	 transitions	 between	 two	 deep	 defect	 levels	 and	 one	
shallower	 with	 energy	 of	 around	 90	 meV.	 The	 observed	 transitions	 did	 not	 depend	
significantly	on	In	concentration.	The	conductivity	measurements	reveal	thermal	activation	of	
conductivity	with	 energy	 decreasing	 from	 around	 165	meV	 to	 145	meV	with	 increased	 In	
content.	
Introduction	
The	 thin	 film	 photovoltaic’s	 are	 nowadays	 dominated	 by	 CdTe	 and	 Cu(In,Ga)Se2	 based	




































at	 the	 Bragg-Brentano	 (θ-2θ)	 configuration	 and	with	 Cu:Ka	 radiation	 (1.5418	 Å).	 Atomic	
Force	Microscope	(AFM)	analysis	was	carried	out	using	NT-MDT	NTEGRA	PRIMA	microscope	
in	a	semi	contact	mode.	Optical	properties	including	transmittance	and	reflectance	were	made	





with	 an	 iHR550	 grating	 monochromator	 and	 detected	 with	 a	 liquid	 nitrogen	 cooled	
germanium	detector.	Samples	were	cooled	down	to	low	temperatures	in	the	helium	closed-
cycle	 setup	 and	 analyzed	 in	 the	 10	 K	 –	 100	 K	 temperature	 range.	 To	 perform	 electrical	









































orthorhombic	 phase	 (JCPDS	 #39-0354)	 with	 (111)	 as	 the	 preferential	 crystallographic	
direction.	The	peaks	are	broad	which	indicates	high	disorder	in	the	material	as	well	as	point	































sample	 crystallite	size	(Å)	 mean	grain	size	(nm)	 mean	roughness	height	(nm)	
SnS:	undoped	 125	 37.7	±	3.8	 155	±	27	
SnS:	In	3	%	 116	 61,0	±	9.2	 193	±	25	
SnS:	In	6	%	 125	 62.6	±	6.8	 196	±	20	
SnS:	In	9	%	 119	 58.6	±	6.5	 203	±	38	
	
Absorbance	
According	 to	 basic	 semiconductor	 equations	 the	 absorption	 coefficient,	 in	 case	 of	 direct	
transitions	is	proportional	to:	
( ) 211 gEhh -µ uua 																																																														(1)	
where	 h	 is	 Planck	 constant,	n	 is	 the	 frequency	 of	 incident	 photons	 and	 Eg	 is	 the	 bandgap	
energy.	In	case	of	indirect	allowed	transitions,	the	absorption	coefficient	is	proportional	to:	














The	 direct	 bandgap	 energies	 depend	 on	 the	 In	 concentration	 in	 the	 sprayed	 solution	 and	
decrease	 from	1.71	 eV	 in	 case	 of	 undoped	 film	 to	 1.48	 eV	 for	 the	 film	 prepared	with	 9%	
concentration	of	In	(Table	2).	This	is	consistent	with	the	available	data	on	SnS	thin	films	which	
mostly	reports	it	as	a	direct	bandgap	semiconductor	with	bandgap	energies	around	1.5	eV	[10,	
12,	 16].	 This	 effect	 has	 already	 been	 observed	 [12]	 and	 explained	 by	 effective	 bandgap	
narrowing	 due	 to	 increased	 shallow	 acceptor	 concentration	 and	 formation	 of	 a	 defect	
intermediate	 energy	 band	 close	 to	 the	 valence	 band.	 However,	 this	 effect	 starts	 to	 be	
significant	when	carrier	concentrations	approach	atomic	concentrations	and	was	observed	i.e.	



























































































































































































































Figure	 7.	 (a)	 Quenching	 of	 PL	 intensity	 for	 two	 observed	 donor	 acceptor	 transitions	 with	











Applicability	 of	 a	 material	 as	 an	 absorber	 in	 a	 solar	 cell	 requires	 not	 only	 good	 optical	
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pyrolysis.	 XRD	 analysis	 revealed	 orthorhombic	 structure	 with	 (111)	 dominant	 peak.	 AFM	
imaging	 show	 that	 films	 consist	 of	 longitudinal	 grains.	 The	 In	 doping	 slightly	 increase	 the	
roughness	of	 the	surface	as	well	as	 the	average	size	of	 the	grains	while	 the	crystallite	size	
remains	 constant.	 The	 material	 has	 an	 indirect	 bandgap	 with	 energy	 around	 1.05	 eV	







In	 both	 transitions,	 one	 of	 defect	 levels	 taking	 part	 in	 recombination	 process	 is	 common	
characterized	by	thermal	activation	energy	of	around	90	meV.	However,	our	study	did	not	
allow	 us	 to	 judge	 whether	 the	 defect	 is	 a	 donor	 or	 an	 acceptor.	 The	 conductivity	
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